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INVESTIGATION ON BACTERIAL DESICCATION*
G. MIESOHER, M.D., H. LINCKE, Pu.D. AND P. RINDERKNECHT
The work of Norton and Novy (1, 2), and especially the conclusive investi-
gations of Pillsbury and Rebell (3), experimentally established the maj or
role of desiccation in the mechanism of bacterial disappearance. According to
Pillsbury and associates the disappearance of various bacteria placed on healthy
skin or glass surfaces is almost complete within a few minutes subsequent to
their desiccation. The further reduction in number of bacterial organisms pro-
ceeds, however, significantly slower. The purpose of the present investigations
is a closer analysis of this phenomenon. Previous still unpublished experiments
on sterilizing properties of the normal skin and of the skin fats proved the extreme
difficulty of reproducing the physiological conditions. In order to clarify this
complex phenomenon, model experiments dealing with the different factors
which come into question are necessary.
Of the many factors involved in the self-disinfection of the skin only that of
desiccation is dealt with here. The influence of the surface was studied under
different conditions.
As surface we chose different inorganic and organic materials: square cover
slips of transparent glass, celluloid, mica, slices of cow horn and organic films.
DISAPPEARANCE OF BACTERIA DUE TO DESICCATION ON GLASS, CELLULOID, MICA
AND cow HORN UNDER STANDARD CONDITIONS OF TEMPERATURE (20-22°C.)
AND HUMIDITY (50-60 %)
Methods
Sterilized, fat-free surfaces were inoculated with standardized bacterial suspensions
diluted with tap water by means of a wire loop. This technic, though not very exact, proved
the best under the chosen conditions. To eliminate the considerable deviation almost all
experiments were performed 4 times or more.
For the present study mixed strains of Streptococcus hacmotyticus, Staphylococcus aureus
(coagulase-positive) and of Eschcria coil were used. They were plated out in blood agar
(streptococci), endo-agar (B. coti) and agar-agar (staphylococci).
After exposure to desiccation the surfaces were immersed in 3 ml tap water, agitated for
2 minutes, placed in a water bath at 36° C. for 10 minutes and again agitated for 2 minutes.
The bacteria-containing rinsing fluid was mixed with liquefied culture medium and plated
out into petri-dishes together with the slips. This procedure proved extremely important,
because we found that the extremely solid adherence of microbes to the surface was a
source of considerable error.
The growth on the cultures mediums was examined and the number of colonies counted
by means of a microscope. In the case of transparent slips (glass, celluloid, mica), the cul-
tures growing on the surfaces could be counted easily. In the case of non-transparent ma-
terial (horn) the evaluation is quite inaccurate. For this reason, before planting out, the
surface of the horn slips were energetically scraped off with a sharp instrument and the
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FIG. 1. Bacterial growth on glass cover slip after process of rinsing (Staphylococcus
aureus). 7 mm. desiccation.
FIG. 2. Bacterial growth on glass cover slip coated with gelatine after process of rinsing
(Staphylococcus aureus). 7 mm. desiccation.
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TABLE 1
Disappearance of bacteria due to desiccation on glass, celluloid, mica and horn
Exp. 1 Mm. 20 Mis. 1 Hr. 24 Hr. 3 Days 6 Days
Streptococcus haemolyticus
Glass 15 100 8.1 6.32 1.35 0.38 0.008
Celluloid 11 100 18.9 16.0 1.3 0.8 0.15
Mica 11 100 17.7 22.2 3.94 2.28 0.37
Cow horn 2 100 9.58 16.7 3.38 1.53 0.072
Staphylococcus oureus
Glass 9 100 92.4 79.4 27.6 5.73 1.76
Celluloid 5 100 44.3 29.8 24.9 3.90 4.27
Mica 5 100 22.5 25.1 19.4 6.45 4.14
Cow horn 4 100 41.4 77.7 34.0 5.72 1.0
E. coli
Glass 3 100 1.73 0.38 0 0 0
Celluloid 3 100 2.52 1.10 1.39 0 0
Mica 3 100 5.25 2.67 0.129 0 0
scrapings poured into the culture mediums. Of course this method does not guarantee the
complete separation of every microbe, since a single particle of the horn-scrapings may
contain an indeterminate number of microbes and still appear in the culture medium only
as a single colony.
The number of colonies originating from microbes adhering to the surface was often
ten and more times (up to 80) greater than the number of colonies obtained from the rinsing
fluid (as in the method described above) (Figs. 1 and 2).
Table 1 illustrates the marked reduction in number of bacteria following in
the first minutes after the beginning of the desiccation, a fact already noted by
many authors. The influence is most apparent in the case of F. coli and of Strepto-
coccus haemolyticus, but quite insignificant in the case of Staphylococcus aureus.
The further reduction in number proceeds slowly and is complete or nearly
complete after 24 hours in the case of F. coli whereas in the case of Streptococcus
haemolyticus several colonies, and in the case of Staphylococcus aureus many
colonies (1—4 %) are still recoverable after the 6th day.
The nature of the surface seems to have a modestly significant influence prob-
ably depending on physical and chemical properties of the material. This in-
fluence is difficult to evaluate in the case of horn, where the deviation of the
results, compared with individual experiments, are not satisfactory, for reasons
emphasized above.
DISAPPEARANCE OF BACTERIA DUE TO DESICCATION ON GELATINE- AND
ALBUMIN-FILMS
Gelatine and albumin are water-soluble colloids. The protective effect of such
substances against the injurious action of the desiccation process is known and
has been clearly demonstrated in the experiments of Heller. This author found
that the dried suspensions of streptococci in peptone broth were not affected
by desiccation and still viable after a period of 90 days. In the experiments of
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TABLE 2
Disappearance of bacteria due to disinfection on glass, albumin and gelaline films
Streptoc. Ithemolyt. E. cvii Staph. aureus
mill. hr. hr. 24 hr. mn. 20 mill. 1 hr. 2 hr. 24 hr. mill. hr. 2 hr.
On glass 100 16 13 3.1 100 1.1 0.5 0.5 0.0 100 78 38 11
On albumin. .. 100 81 47 43 100 49 42 21 9 100 73 86 25
On gelatine.. . 100 78 66 50 100 75 92 55 18 100 83 100 62
Rebell et at. the drying effect was markedly reduced when a suspension of coagu-
lase-positive staphylococci or E. coli in serum was used instead of saline solution.
In our experiments we used glass slips which we coated with gelatine and with albumin
films (a drop of 12% gelatine and 10—20% albumin solution was drawn out between two cover
slips, vacuum dried for 24 hours over CaCI2 and sterilized by exposure to ultraviolet rays).
The method of inoculation was in principle the same as in the afore-mentioned experi-
ments. The colloid films dissolved easily during the rinsing procedure. Nearly all microbes
were removed from the coated surfaces, only few adhered to the glass and, plated-out,
developed into colonies.
As seen in table 2 the disappearance of microbes inoculated on organic films
is strongly diminished, if compared with the desiccation-effect upon bacteria in-
oculated on uncoated glass surface,
The reason for this protective effect cannot be explained by retardation of the
drying process. The results of our comparative experiments concerning the re-
duction of viable bacteria desiccated at air room humidity (60—65 %), and in
humidity-free vacuum must be taken in consideration (tables 3 and 4). In spite
of the extreme desiccation in vacuum the reduction of viable bacteria is not
significantly increased (especially in the case of Streptococcus haemolyticus). The
same results were obtained in desiccation experiments in humidity-free nitrogen
TABLE 3
Disappearance of bacteria due to desiccation on gelatine film, in normal
atmospherical conditions and in humidity free vacuum in the presence
of calcium chloride
Exp. 1 Mm. 24 Hr. 3 Days 6 Days
Streptococcus haemolyticus
Normal condition 14 100 35 34 28
Vacuum 14 100 68 72 52
E. coli
Normal condition 7 100 35 14 8
Vacuum 7 100 67 46 23
Staphylococcus aureus
Normal condition 9 100 79 49 32
Vacuum 9 100 99 76 78
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TABLE 6
Disappearance of bacteria due to disinfection on glass and plantar graft
Sireptoc. haemolyt. F. ccli
I mill. 20 mill. 1 hr. 2 hr. 1 mu. 20 mill. 1 hr. 2 hr.
Cover glass...... 100 22 13 2.1
Horn grafts 100 48 31 14
100 2.9 0.6 0.05
100 9.1 5.6 4.1
atmosphere. Under both experimental conditions the lack of oxygen may play
the decisive role.
INFLUENCE OF TEMPERATURE UPON DISAPPEARANCE OF BACTERIA DUE
TO DESICCATJON
It is a well known fact that the biological activity of microbes is significantly
dependent upon the temperature. The first series of experiments were executed
at room-temperature (20—22° C.). The temperature of the skin varies between
28 and 33° C.
In table 5 are summarized experiments performed under three different con-
ditions, namely 20°, 30° and 37° C.
As seen in this table, the temperature has a marked influence especially when
we compare the reduction of number of bacteria at 20° and at 37°. This influence
is especially astonishing in the case of gelatine, where, contrary to previous
experiments (all performed at 20—22°), the reduction at 37° C. after 24 hours is
very pronounced, and nearly complete by the third day.
As final material employed in the present investigations we used as surface
horny grafts from the sole of the foot which were defatted with alcohol and
ether and sterilized in the autoclave. The results of these experiments, as sum-
marized in table 6 show bacteria disappear from the fat-free horny skin layer at
a considerably slower rate than from the glass surface. This holds true especially
for the desiccation-effect during the first few hours. Although the bacteria ad-
hering to the horny surface probably have been removed only partially (compare
experiments with cow horn) and caused considerable deviation of results, we
found in experiments with E. coli that after 20 minutes there were 3 times more,
after 60 minutes there were 9 times more and after 2 hours there were 80 times
more desiccation-surviving bacteria on the stratum corneum than on the glass-
surface.
DISCUSSION
As pointed out in the introduction to this paper, we have restricted ourselves
to examine one single factor in the process of self-sterilization of the skin name-
ly desiccation.
The results of our investigations are for the main part in accordance with
those of other authors. The desiccation is without doubt a complex phenomenon
in which different factors play a part: the quality of the surface, the tempera-
ture and the presence or absence of oxygell.
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In the case of solid, water- and fat-insoluble materials, such as glass, mica,
celluloid and keratin substances, the reduction in number proceeds with a
dramatic drop in the course of the first minutes, i.e. the period of effective desic-
cation. This process tends to reach a state of complete disappearance of the
bacteria. It proves true in the case of K coil and Strcptococcus haemolyticas
whereas Staphylococcus aureus can survive more than 6 days even on a glass
surface. The surviving bacteria could not stem from strains with particular
resistance. Repeating the same experiments and using microbes cultivated from
glass cover slips after 6 days of desiccating we obtained identical results.
In opposition to this when using gelatine and albumin films the effect of
desiccation is much less important even under conditions of maximal dryness
(humidity-free vacuum in presence of CaC12).
It is very likely that the fact of being desiccated is not the principal cause of
the death of microbes, but the circumstances of the desiccation process. If the
microbe is adhered to a stiff and inflexible surface such as glass and similar ma-
terials, it probably will be so deformed by exsiccation that it loses its viability;
whereas when immersed in a plastic material like gelatine or albumin films it is
physically much better protected.
The morphological structure of the bacteria (rods, spheres) is probably of im-
portance when being fixed to a surface. This would explain why desiccation is
much more fatal to K coil than to Staphylococcus aurcus.
A further factor of fatal influence is the presence of oxygen. In vacuum and
in humidity-free atmosphere the reduction in number of microbes is insignificant
even at 37°C.
SUMMARY
Experiments on bacterial desiccation on surface of different materials (glass,
celluloid, mica, horn, organic films) were performed.
The influence of different factors such as air humidity, temperature, oxygen-
free vacuum were investigated.
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